Survivors of autologous blood or marrow transplantation (ABMT) are predisposed to decreased bone mineral density (BMD), but data are lacking on the incidence and risk factors for this condition. Therefore, we measured BMD in 64 of 68 consecutive ABMT survivors (35 men and 29 women) attending the University of Toronto ABMT long-term follow-up clinic. Patients were evaluated a median of 4.2 years (range: 4.9 months-11.4 years) after ABMT. Median age at evaluation was 49.6 years (range: 23.5-68.2 years). At the L1-L4 vertebrae, 17 (26%) patients (eight men and nine women) had osteopenia and one male (2%) had osteoporosis. Mean BMD at L1-L4 did not differ from healthy young adults or age and sex matched controls. At the femoral neck, 30 patients (46%) (18 men and 12 women) had osteopenia and five (8%) (two men and three women) had osteoporosis. Mean BMD at the femoral neck was significantly lower than in healthy young adults and age-and sex-matched controls. By regression analysis, patients with decreased BMD were older than those with normal BMD (P = 0.02). Gender, body mass index, time from BMT to evaluation and presence of hypogonadism were not associated with decreased BMD. Treatment of decreased bone density was instituted and follow-up data were obtained 1 year after treatment in 22 of 39 patients with reduced BMD. Nineteen (86%) patients had stabilization or improvement of their bone density at follow-up. We conclude that, after ABMT, over half of the patients have evidence of osteopenia or osteoporosis. Men and women were equally affected. In our study, only older age at evaluation was predictive for loss of BMD. We recommend the measurement of BMD as an integral component to the follow-up of ABMT patients. Bone Marrow Transplantation (2001) As the number of long-term survivors of autologous blood or marrow transplantation (ABMT) increases, greater attention is turning to the late complications of this procedure. One such complication is decreased bone mineral densityosteopenia and osteoporosis. Osteopenia is a systemic condition characterized by reduced bone mass and increased susceptibility to bone fracture. Osteoporosis is a more severe reduction in bone mass and a greater susceptibility to bone fracture.
As the number of long-term survivors of autologous blood or marrow transplantation (ABMT) increases, greater attention is turning to the late complications of this procedure. One such complication is decreased bone mineral densityosteopenia and osteoporosis. Osteopenia is a systemic condition characterized by reduced bone mass and increased susceptibility to bone fracture. Osteoporosis is a more severe reduction in bone mass and a greater susceptibility to bone fracture.
In the short term, osteoporosis seems trivial compared with a diagnosis of cancer, but for those cured of their disease, decreased bone mineral density contributes to chronic morbidity and mortality in the form of bone fractures. For example, 50% of patients who sustain an osteoporosisrelated hip fracture require assistance with activities of daily living 1 and elderly patients who suffer an osteoporosis-related hip fracture have an increased 1-year mortality of 12-37%. 2 ABMT predisposes to decreased BMD through early and late acting mechanisms. ABMT is associated with an acute increase in bone turnover due to the high-dose chemotherapy, marrow reinfusion and G-CSF administration, but effects on long-term bone density are unknown. [3] [4] [5] The late effects of ABMT on BMD are primarily due to the hypogonadism induced by the alkylating agents and total body irradiation given pre-transplant. [6] [7] [8] [9] The patient's underlying disease also contributes to reduced BMD. For example, chemotherapy, corticosteroids and retinoids received during induction and salvage therapy can decrease bone mineral density. [10] [11] [12] [13] Furthermore, multiple myeloma is associated with systemic osteoporosis as a result of increased osteoclastic activity.
14 ABMT patients also may have general risk factors for osteoporosis that include older age, 15 thin body habitus, 16 ,17 a family history of osteoporosis, 18 smoking, 19, 20 and physical inactivity. 16 While survivors of ABMT have significant risks for decreased BMD, little is known about the incidence or predictive variables for osteopenia and osteoporosis in this population. Castelo-Braco et al 21 reported a 70% incidence of decreased BMD among 13 women after either allo-or autotransplant. In contrast, Ebeling et al 22 noted no decrease in BMD among 10 ABMT patients. These previous studies, however, involved small numbers of patients and often included results from both allo-and autotransplant patients. The results from studies in allotransplant patients may not necessarily be applicable to ABMT patients. ABMT differs from allotransplant in that ABMT patients may be older, are more likely to have received prednisone in their induction and salvage chemotherapy regimens, and do not require immunosuppressive therapy including prednisone and cyclosporine after transplant. In view of these considerations, the rate of decreased BMD after ABMT may be different from the rate after allotransplant.
Here, we report the incidence of decreased BMD among a cohort of consecutive long-term survivors of ABMT and identify factors predictive of bone loss after autotransplant.
Patients and methods

Patients
We evaluated BMD in 64 of 68 consecutive patients (35 men and 29 women) attending the University of Toronto ABMT long-term follow-up clinic between January 1999 and January 2000. Patients received their ABMT for nonHodgkin's lymphoma (NHL) (n = 21), Hodgkin's disease (HD) (n = 16), acute myeloid leukemia (AML) (n = 11), multiple myeloma (MM) (n = 11), breast cancer (Br ca) (n = 4), or desmoplastic round cell tumor (n = 1). Sixty-three of 64 patients were in remission at the time of evaluation. One patient had relapsed 3 years after ABMT for multiple myeloma, but had stable disease on prednisone (50 mg alternate days) for 15 months prior to evaluation. One patient developed myelodysplasia after ABMT for NHL and required red blood cell transfusions for 4 years prior to evaluation.
Assessment of BMD
BMD was evaluated at the L1-L4 vertebrae and the femoral neck by dual energy X-ray absorptiometry (DEXA). In serial evaluations, changes in bone density greater than 3% at L1-L4 and greater than 5% at the femoral neck were considered significant. 23 Serial measurements were performed on the same DEXA scanner. All patients provided informed consent to participate in the study and undergo DEXA.
Definitions
Decreased BMD was defined according to WHO criteria. 24 Osteopenia was defined as a T score between −1 and −2.5 and osteoporosis was defined as a T score less than −2.5; where a T score is the number of standard deviations from which a patient's bone mass differs from the mean peak bone mass of healthy young adult. A Z score was also calculated and reflects the number of standard deviations from which a patient's bone mass differs from the mean bone mass of age-and sex-matched controls.
Intensive therapy prior to ABMT
Most patients (n = 59) received VP-16 60 mg/kg and melphalan 160-180 mg/m 2 as intensive therapy before transplantation as previously reported. 9 The four patients with . The patient with the desmoplastic round cell tumor received carboplatin 500 mg/m 2 and thiotepa 250 mg/m 2 . Twenty-four patients also received total body irradiation (500-1200 cGy) prior to ABMT.
Statistical analysis
BMD scores between our cohort and matched controls were compared using Students' t-tests. Predictive variables were determined by logistic regression analysis. Table 1 lists the baseline characteristics of the 64 patients in the study. Patients were evaluated a median of 4.2 years (range 4.9 months-11.4 years) after ABMT. Median age at evaluation was 49.6 years (range: 23.5-68.2 years). At evaluation, patients were receiving prednisone for treatment of myeloma (n = 2) or adrenal insufficiency (n = 1), lthyroxine (n = 14), calcium (n = 7), and vitamin D (n = 4). Twenty-seven men were hypogonadal, defined as a decreased free or total serum testosterone levels, and not receiving testosterone supplementation at the time of evaluation. Eleven women were hypogonadal defined as an absence of cyclical menstrual cycles, reduced serum estradiol levels, and not receiving hormone supplementation at the time of evaluation. Four men and 12 women were on hormone replacement therapy at evaluation. Two women were receiving tamoxifen after ABMT for breast cancer. Three women had regained regular menses after ABMT. Ten of 11 patients with myeloma were receiving a bisphos- phonate at evaluation (pamidronate (n = 9), alendronate (n = 1)). No patient had evidence for secondary osteoporosis from thyrotoxicosis or hyperparathyroidism. Two patients were smokers. None of the 64 patients reported bone fractures after ABMT.
Results
Patient characteristics
L1-L4 vertebrae
BMD was measured at the L1-L4 vertebrae by DEXA. At the L1-L4 vertebrae, 17 of 64 patients (27%) had osteopenia (eight males and nine females) and one male (2%) had osteoporosis. Mean BMD at L1-L4 was 1.09 g/cm 2 ± 0.17 g/cm 2 . Mean T and Z scores at L1-L4 were −0.3 ± 1.2 and 0.01 ± 1.2, respectively. The mean BMD at L1-L4 did not differ significantly from healthy young adults or age sex matched controls (P = 0.9 and 0.5 respectively by t-test). Of the ten patients with multiple myeloma, two had osteopenia at L1-L4.
Femoral neck
BMD was measured at the femoral neck by DEXA. At the femoral neck, 30 patients (47%) (18 males and 12 females) had osteopenia and five (8%) (two males and three females) had osteoporosis. Mean BMD at the femoral neck was 0.857 ± 0.161 g/cm 2 . The mean T and Z scores at the femoral neck were −0.9 ± 1.3 and −0.3 ± 1.1, respectively. Mean BMD at the femoral neck was significantly lower than in healthy young adults and age and sex matched controls (P = 0.0009 and 0.0007, respectively, by the t-test). Of the 10 patients with multiple myeloma, six had osteopenia at the femoral neck and two had osteoporosis.
Variables predictive for decreased BMD after autotransplant
By logistic regression analysis, patients with decreased BMD were older than those with normal BMD (P = 0.02). Gender, body mass index, time from BMT to evaluation, TBI, the presence of hypogonadism and underlying disease were not predictive for decreased BMD after autotransplant.
Follow-up of BMD
Thirty-nine of 64 (61%) patients had osteopenia or osteoporosis in the lumbar spine and/or femoral neck (Figure 1) . After DEXA scanning, these patients received treatment according to the Canadian consensus guidelines for the treatment of osteoporosis. 25 Briefly, patients with osteopenia and osteoporosis at the lumbar spine or femur were provided lifestyle counseling by the clinic nurses that included advice on increasing physical activity and reducing osteoporosis-related risk factors, such as smoking and excess alcohol intake. Patients with decreased BMD were prescribed calcium and vitamin D. Those with hypogonadism were offered hormone replacement therapy if there were no contraindications. Patients with osteoporosis of the lumbar spine or femur were also prescribed bisphosphonates. Compliance with the prescribed treatment was not measured.
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Osteoporosis 8% Figure 1 Bone mineral density at the femoral neck and L1-L4 vertebrae among survivors of ABMT. Osteopenia was defined as a T score between −1 and −2.5 and osteoporosis was defined as a T score less than −2.5; where a T score is the number of standard deviations from which a patient's bone mass differs from the mean peak bone mass of healthy young adult. The lower T score between the femoral neck and the L1-L4 vertebrae was used to determine the presence of osteopenia or osteoporosis.
Although not a primary endpoint of the study, repeat DEXA studies were performed in 22 of the 39 patients with reduced BMD 1 year after their initial scans and the institution of therapy. Scans were not obtained in 17 patients due to the development of relapsed disease (n = 4), a second malignancy (n = 1), loss to follow-up (n = 2) or patient or physician preferences (n = 10). Of the 22 patients with repeat scans, 13 showed no change in their BMD, six had increased bone density at L1-L4 or the femoral neck and three had decreased BMD at L1-L4 or at the femoral neck. The details of the significant changes in BMD of the nine patients are shown in Table 2 . Of the three patients with decreased BMD on follow-up, one received an ABMT for myeloma, one for NHL, and one for breast cancer. All patients with decreased BMD on follow-up were in remission between scans.
Discussion
Decreased BMD can lead to significantly increased morbidity and mortality because of osteoporosis-related bone fractures.
1,2 Survivors of ABMT have risk factors for decreased BMD that are greater than the general population. Yet, little is known about the incidence and risk factors for decreased BMD after ABMT. We studied the incidence of decreased bone mineral density among 64 consecutive survivors of ABMT attending our ABMT longterm follow-up clinic. In our cohort, we observed a 61% incidence of decreased BMD at the L1-L4 vertebrae or femoral neck. This value can be compared to a 31% incidence of osteoporosis or osteopenia among a general cohort of 5896 women aged 46-54 years. 26 The incidence of decreased BMD that we observed is comparable to results of previous studies on osteoporosis after allo-or autotranplant. Valimaki et al 27 studied 44 adults 1 year after allotransplantation. Osteopenia or osteo- Table 2 Characteristics of patients with significant changes in BMD after 1 year of treatment for osteopenia or osteoporosis 21 reported on 13 females 13 months (mean) after transplant. Eight females underwent autotransplantation and five received an allotransplant. All 13 women were menopausal at evaluation and none were receiving hormone replacement therapy. In this group, 70% had evidence of osteopenia or osteoporosis in the lumbar spine.
In contrast, Ebeling et al 22 reported no osteopenia or osteoporosis in a group of 10 patients evaluated 1 year after ABMT. The lack of decreased BMD in these patients may be due, in part, to the early use of estrogen replacement therapy. Furthermore, a greater incidence of decreased BMD may become apparent with longer follow-up. All females received hormone replacement therapy starting 2 months after transplant. The authors did not comment on calcium and vitamin D supplemental intake by their patients.
The incidence of bone fractures after allo-or autotransplant is not well characterized. We did not observe any bone fractures among our patients after ABMT. Others have reported an incidence of rib and vertebral fractures ranging from 1%-9%. 22, 28, 29 The low incidence of bone fractures in this group may reflect the relatively young age of blood and marrow transplant survivors. As the number of older long-term transplant survivors increases, a greater appreciation of the incidence of osteoporosis-related bone fractures after transplantation is likely.
In our study, older age was the only significant predictor for decreased bone density after ABMT by regression analysis. While multiple myeloma is a known risk factor for decreased bone mineral density, 14 underlying disease was not predictive in our model. Eight of 10 patients (80%) with myeloma had decreased BMD after ABMT. Even if the patients with myeloma are excluded from the analysis, the incidence of decreased BMD is 31 of 54 patients (57%), which is still higher than a general cohort. 26 It is noteworthy that gender was not predictive for decreased bone density. The similar incidence of decreased BMD among the males and females is likely related to the high rate of hypogonadism seen in both groups after ABMT. 9, 30 Ebling et al 22 reported that bone loss correlated with cyclosporine use and cumulative prednisone dose received after allotransplant, but the impact of other demographic and clinical variables was not reported. The other studies on bone density after blood or marrow transplant did not report predictive variables. In our study, 22 patients with osteopenia or osteoporosis had their bone mineral density evaluation repeated 1 year after treatment. While not a primary end-point of the study, 86% of these patients had stabilization or improvement in bone density. To our knowledge, no other group has documented the response to therapy for decreased bone density after allo-or autotransplant.
BMD was not measured prior to ABMT in our patients, so we can not tell whether the abnormalities are due to the induction or salvage therapy the patients received or to the ABMT intensive therapy regimen. The lack of pretransplant BMD measurements are a limitation to the study and impair our ability to comment on the cause of the abnormality. However, osteopenia and osteoporosis are issues that pertain more to long-term survivors of bone marrow transplant than to patients battling relapsed disease, so it is the posttransplant scores that are clinically most important.
In conclusion, after ABMT, most patients have evidence of osteopenia or osteoporosis. Men and women were equally affected. In our study, only older age at evaluation was predictive for loss of BMD. Since early recognition and aggressive treatment of bone loss can prevent bone fracture, we recommend that measurement of BMD and aggressive preventive therapy be an integral component to the followup of ABMT patients.
